Introduction {#s1}
============

Parotid tumors are uncommon in children and adolescents; however, 10--50% of these tumors are malignant ([@B1]--[@B3]); because of the rarity of the disease, it is challenging to develop a consensus regarding treatment. Moreover, clinical-pathologic characteristics and prognosis show differences between pediatric and adult patients with parotid cancer ([@B4]); it was reported that prognostic factors in pediatric patients included high tumor stage, high histologic grade, perineural invasion, and lymphovascular invasion ([@B5]--[@B9]).

Interactions between the tumor microenvironment and tumor cells play an important role in cancer progression, and the microenvironment includes metabolic, inflammatory, and immune responses to stimuli from the surrounding tissue. A number of authors have previously indicated that the systemic inflammatory response could promote tumor metastasis, microvascular regeneration, and tumor cell proliferation ([@B10]--[@B12]); further, the peripheral neutrophil-to-lymphocyte ratio (NLR) is a reliable and accurate inflammatory marker. High NLR is thought to be significantly associated with worse survival in solid cancers ([@B13], [@B14]), including head and neck squamous cell carcinoma, breast cancer, and prostate cancer. Nevertheless, the significance of NLR in parotid cancer remains unknown. Therefore, considering the immature lymphatic defense system in children, our goal was to analyze the prognostic value of NLR in pediatric patients with parotid cancer.

Materials and Methods {#s2}
=====================

The Zhengzhou University institutional research committee approved our study (No. FHN2017127), and all legal guardians, including parents, provided written informed consent for any patient under the age of 18; this study was conducted in accordance with the Declaration of Helsinki.

Between January 1995 and December 2016, pediatric patients (≤18 years old) undergoing surgery for primary parotid cancer were retrospectively enrolled from three hospitals: Affiliated Cancer Hospital, Affiliated Pediatric Hospital and The First Affiliated Hospital of Zhengzhou University. Data, including age, sex, TNM stage (according to AJCC 2017), disease grade, intraparotid node metastasis (IPN), surgery, pathologic report, and follow-up, were extracted and analyzed. All pathologic sections were re-reviewed by at least two pathologists.

NLR was defined as absolute neutrophil count divided by absolute lymphocyte count within 2 weeks of initial treatment ([@B13]--[@B16]). The cutoff values were calculated from ROC curves, means, tertiles, or medians from previous studies and varied from 1.98 to 5 ([@B13]--[@B17]). The standard cutoff value remains unknown; in the present study, the cutoff value was defined as the mean value of NLR, as per our previous studies ([@B18], [@B19]).

The association between NLR and clinical-pathologic variables was assessed using the Chi-square test. The recurrence-free survival (RFS) and disease-specific survival (DSS) rates were calculated using the Kaplan-Meier method (the log rank test). The factors that were significant in the univariable analysis were then analyzed using the Cox proportional hazards method to determine the independent risk factors for RFS and DSS. All statistical analyses were performed using SPSS 20.0 and *p* \< 0.05 was considered to be significant.

Results {#s3}
=======

There were 123 patients (73 female and 50 male) in total: 25 patients from Affiliated Cancer Hospital, 58 patients from Affiliated Pediatric Hospital, and 40 patients from the Affiliated First Hospital. The mean age was 14.3 (range: 6--18) years. Thirteen patients had a history of blood malignancy. The mean time from initial blood malignancy to the diagnosis of parotid cancer was 8.4 (range: 6--12) years. The tumor stage of the patients was distributed as T1 in 50 patients, T2 in 43 patients, T3 in 15 patients, and T4 in 15 patients. Thirty-four patients underwent superficial parotidectomy, 15 patients underwent partial parotidectomy, and 74 patients underwent total parotidectomy. The facial nerve branches were sacrificed in 10 patients because of tumor invasion. Fine needle biopsy was conducted in 51 patients, and the pathology suspected a malignancy in 32 patients. Negative margins were achieved in 113 patients. A total of 39 patients underwent neck dissection, and positive neck disease was noted in 12 patients. The mean number of positive nodes was 1.2 (range: 1--4). Perineural invasion was noted in 12 patients, and lymphovascular invasion was noted in 9 patients ([Table 1](#T1){ref-type="table"}).

###### 

Association between neutrophil-to-lymphocyte ratio and clinical pathologic variables.

  **Variables**                      **Neutrophil-to-lymphocyte ratio**   ***p***   
  ---------------------------------- ------------------------------------ --------- -------
  **AGE**                                                                           
  \<14                               16                                   12        
  ≥14                                52                                   43        0.822
  **SEX**                                                                           
  Female                             40                                   33        
  Male                               28                                   22        0.895
  **TUMOR STAGE**                                                                   
  T1+T2                              58                                   35        
  T3+T4                              10                                   20        0.005
  **NODE STAGE**                                                                    
  N0                                 62                                   49        
  N+                                 6                                    6         0.698
  **DISEASE STAGE**                                                                 
  I+II                               49                                   33        
  III+IV                             19                                   22        0.158
  **PERINEURAL INVASION**                                                           
  Positive                           4                                    8         
  Negative                           64                                   47        0.133
  **LYMPHOVASCULAR INVASION**                                                       
  Positive                           3                                    6         
  Negative                           65                                   49        0.296
  **INTRAPAROTID NODE METASTASIS**                                                  
  Positive                           11                                   12        
  Negative                           37                                   40        0.985
  **DISEASE GRADE**                                                                 
  Low                                60                                   40        
  Intermediate+high                  8                                    15        0.028
  **MALIGNANCY HISTORY**                                                            
  Yes                                5                                    8         
  No                                 63                                   47        0.197

Mucoepidermoid carcinoma occurred in 72 patients, acinic cell cancer occurred in 24 patients, basal cell adenocarcinoma occurred in 10 patients, myoepithelial cancer occurred in 10 patients, and cystadenocarcinoma occurred in 7 patients ([Table 2](#T2){ref-type="table"}).

###### 

Distribution of cancer sub-type in pediatric patients.

  **Cancer sub-type**                             **Number (%)**
  ----------------------------------------------- ----------------
  **LOW GRADE (*****n*** **=** **100)**           
  Mucoepidermoid cancer                           59
  Acinic cell cancer                              24
  Basal cell adenocarcinoma                       10
  Cystadenocarcinoma                              7
  **INTERMEDIATE GRADE (*****n*** **=** **18)**   
  Mucoepidermoid cancer                           8
  Myoepithelial cancer                            10
  **HIGH GRADE (*****n*** **=** **5)**            
  Mucoepidermoid cancer                           5

Information regarding IPN was retrieved for 100 patients, and IPN metastasis was reported in 23 patients. The mean number of positive IPNs was 1.2 (range: 1--3), and the mean diameter of positive nodes was 0.9 (range: 0.4--2.1) cm.

The mean NLR was 2.51 and ranged from 1.7 to 6.1. The association between NLR and clinic-pathological variables are presented in [Table 1](#T1){ref-type="table"}; tumor stage and disease grade were significantly correlated with NLR (all *p* \< 0.05).

During follow-up, which had a mean duration of 88.1 months (range: 15--176) months, 36 patients underwent postoperative radiotherapy, and 8 patients also received chemotherapy. Recurrence was noted in 10 patients: 6 patients locally, 2 patients loco-regionally, 1 patient regionally, and 1 patient distantly. The 10-year RFS rate was 91%. In patients with NLR \< 2.51, the 10-year RFS rate was 97%, and in patients with NLR ≥ 2.51, the 10-year RFS rate was 84%; this difference was significant (*p* = 0.016, [Figure 1](#F1){ref-type="fig"}). Univariable analysis also found that tumor stage, disease grade, malignancy history, IPN metastasis, and resection extent were associated with recurrence; further Cox model analysis confirmed that disease grade, malignancy history, IPN metastasis, and NLR were independent prognostic factors ([Table 3](#T3){ref-type="table"}).

![Recurrence-free survival in patients with different neutrophil-lymphocyte ratios (NLRs) (*p* = 0.016).](fped-07-00207-g0001){#F1}

###### 

Predictors for recurrence-free survival in pediatric patients with parotid cancer.

  **Variables**                                                      **Univariable analysis**   **Multivariable analysis**   
  ------------------------------------------------------------------ -------------------------- ---------------------------- -------
  Age ( ≤ 14 vs. \>14)                                               0.117                                                   
  Sex                                                                0.329                                                   
  Nerve invasion                                                     0.088                                                   
  Lymphovascular invasion                                            0.051                                                   
  Radiotherapy                                                       0.162                                                   
  Margin status                                                      0.059                                                   
  Node stage (cN0 vs. cN+)                                           0.088                                                   
  Tumor stage (T1+T2 vs. T3+T4)                                      0.031                      2.136(0.956--7.311)          0.068
  Grade (Low vs. intermediate+high)                                  0.002                      2.222(1.288--5.145)          0.004
  Malignancy history                                                 0.011                      1.342(1.017--2.687)          0.033
  Intraparotid node metastasis                                       0.003                      1.805(1.397--4.003)          0.003
  Resection extent (TP vs. PP+SP[^\*^](#TN1){ref-type="table-fn"})   0.014                      1.476(0.875--8.113)          0.245
  NLR (\<2.51 vs. ≥2.51)                                             0.016                      1.169 (1.018--2.148)         0.011

*TP, total parotidectomy; PP, partial parotidectomy; SP, superficial parotidectomy*.

A total of 6 patients died of the disease, and the 10-year DSS rate was 92%. In patients with NLR \< 2.51, the 10-year DSS rate was 98%, and in patients with NLR ≥ 2.51, the 10-year DSS rate was 83%; this difference was also significant (p = 0.035, [Figure 2](#F2){ref-type="fig"}). Univariable analysis found that tumor stage, disease grade, malignancy history, and IPN metastasis were associated with death; further Cox model analysis confirmed that disease grade, malignancy history, IPN metastasis, and NLR were independent prognostic factors ([Table 4](#T4){ref-type="table"}; [Supplementary Material](#SM1){ref-type="supplementary-material"}).

![Disease-specific survival in patients with different neutrophil-lymphocyte ratios (NLRs) (*p* = 0.035).](fped-07-00207-g0002){#F2}

###### 

Predictors for disease-specific survival in pediatric patients with parotid cancer.

  **Variables**                                                      **Univariable analysis**   **Multivariable analysis**   
  ------------------------------------------------------------------ -------------------------- ---------------------------- -------
  Age ( ≤14 vs. \>14)                                                0.336                                                   
  Sex                                                                0.134                                                   
  Nerve invasion                                                     0.054                                                   
  Lymphovascular invasion                                            0.091                                                   
  Radiotherapy                                                       0.077                                                   
  Margin status                                                      0.123                                                   
  Node stage (cN0 vs. cN+)                                           0.367                                                   
  Tumor stage (T1+T2 vs. T3+T4)                                      0.004                      3.336(0.923--6.331)          0.064
  Grade (Low vs. intermediate+high)                                  0.011                      2.049(1.233--5.312)          0.002
  Malignancy history                                                 0.025                      1.226(1.002--2.731)          0.022
  Intraparotid node metastasis                                       \<0.001                    2.110(1.297--4.997)          0.001
  Resection extent (TP vs. PP+SP[^\*^](#TN2){ref-type="table-fn"})   0.119                                                   
  NLR (\<2.51 vs. ≥2.51)                                             0.035                      1.448(1.012--3.231)          0.009

*TP, total parotidectomy; PP, partial parotidectomy; SP, superficial parotidectomy*.

Discussion {#s4}
==========

The significance of NLR had been evaluated only for inflammatory disorders, allergic conditions, and infectious diseases in pediatrics ([@B20]--[@B22]). Vasquez et al. ([@B23]) was the first to describe the prognostic role of NLR in pediatric sarcomas; the authors found that worse overall survival was strongly predicted by an NLR \> 2, and there was a significant association between high NLR and poor histologic response as well as metastatic disease. The present study was the first to analyze how NLR affected survival in pediatric patients with parotid cancer, and we found that RFS and DSS rates were significantly decreased by high NLR in multivariable analysis. For adult patients, only two papers have assessed a similar question ([@B16], [@B17]). Damar et al. ([@B16]) found that, compared to patients with benign salivary tumors, NLR was significantly higher in patients with malignant salivary gland tumors, and NLR was significantly related to disease grade, which is similar to findings reported in the current study; moreover, it was noted that the higher NLR was associated with more advanced stages of disease. Kawakita et al. ([@B17]) found that, compared to baseline levels in patients with salivary duct carcinoma, an NLR \> 2.5 meant there was nearly 2-fold risk of death.

The exact mechanism underling the associations between NLR and clinical-pathologic variables, as well as prognosis, remain unclear; based on previous evidence, there are some possible explanations. On the one hand, the status of the immune system and systemic inflammation is reflected by the pretreatment NLR. Elevation of neutrophils is a sign of local as well as systemic inflammatory responses. Neutrophils produce cytokines and angiogenic factors, and these agents play important roles in promoting tumor development; furthermore, hematological markers might be surrogate makers of cancer cachexia that are related to poor survival ([@B24], [@B25]). On the other hand, lymphocytes are related to immune surveillance and act by eliminating cancer cells ([@B26]). Therefore, a high NLR may predict worse prognosis.

The significance of IPN metastasis in pediatric parotid cancer has never been evaluated. We firstly reported that IPN metastasis was related to worse prognosis. Similar findings were previously reported in adult patients ([@B24]--[@B30]); Lim et al. ([@B27]) found that, compared with patients without IPN metastasis, patients with cN0 neck and IPN metastasis were more likely to develop locoregional recurrence. Klussmann et al. ([@B28]) noted that the involvement of IPN introduced additional significant risk for tumor recurrence in parotid cancer. Nisa et al. ([@B29]) described reported that decreased disease-free survival could be expected in patients with IPN metastasis. Therefore, IPN metastasis is related to higher risk of recurrence in both pediatric and adult medicine. This finding might be explained by the following: first, IPNs consist of superficial and deep parotid nodes; un-resected positive IPNs might be left after partial or superficial parotidectomy, and recurrence would be expected. Second, the N parameter in the TNM classification refers to regional, cervical lymph nodes, and IPN metastasis was not included in any of the groups of neck lymph nodes; thus, IPN appears to have some sentinel role for predicting neck disease.

Another interesting finding was that malignancy history predicts worse prognosis. Parotid cancer as a secondary malignancy in pediatrics had been presented by case reports ([@B31]); owing to its extreme rarity, the prognosis of these patients remains unclear. Védrine et al. ([@B5]) performed a study of maximum sample size of secondary parotid cancer; a total of 18 mucoepidermoid cancer patients were included, and 11 patients were defined as having secondary disease. There was no difference in distribution according to sex, age, tumor location or tumor grade; however, the distribution based on the clinical stage (stages 1--2 vs. stages 3--4) did differ, and there was less advanced clinical stage in the group with mucoepidermoid carcinoma as secondary disease. Nevertheless, the differences in overall survival, DSS, and disease-free survival between the two groups were not statistically significant. It was noted patients with histories of malignancy had worse prognoses. A possible explanation might be that previous chemotherapy for blood malignancy had a significantly adverse impact on the lymph defense system, and this impact negatively decreased the prognosis.

The limitations of the current study must be acknowledged, as follows: first, this is a retrospective study, and there is inherent bias that might decease the statistical power; second, it should be recognized that neutrophils and lymphocytes counts are nonspecific parameters because they could be influenced by concomitant conditions, such as infections or inflammation; and third, the pathology sections were examined by different pathologists in the three hospitals, and due to the differences in diagnostic ability, there might have been undetected IPNs.

Conclusions {#s5}
===========

In summary, pretreatment NLR is significantly associated with survival in pediatric patients with parotid cancer.
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